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A circv 



it for reading out values of pixels 
from an active pixel sensor array, the circuit comprising: 
a first sarrLle-and-hold circuit for sampling 



and storing signals from pixels in a first column; 

a second sample-and-hold circuit for sampling 
and storing signals from pixels in a second column; and 

an operational amplifier-based charge sensing 
circuit, associated with only the first and second columns 
in the array, that selectively provides an amplified 
differential output signal ybased on signals sampled either 



by the first sample-ai 
and-hold circuit. 



>ld circuit or the second sample- 



The circuit of claim 1 further including an 



array of capacitors whic 



selectively can be enabled to 
choose a gain associated! with the operational amplifier- 
based charge sensing cirduit. 

3. The circuit of claim 1 further including: 
a first array of capacitors which selectively 
can be enabled to choose a gain associated with the 
operational amplifier-based charge sensing circuit with 
respect to signals sampled by the first sample-and-hold 
circuit; and 
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a second array! of capacitors which selectively 

o 

can be enabled to choose a gain associated with the 
operational amplif ier-basec charge sensing circuit with 
respect to signals sampled by the second sample-and-hold 
circuit . 



4. The circui 
offset voltage selectively 
by one of the sample -and 



5. The circ 



t of claim 1 wherein a pre-gain 
can be added to a signal sampled 
hbld circuits 




of claim 1 wherein the 
operational amplif ier-base\i charge sensing circuit includes 
a switched capacitor integrator. 



6. A circuit 
from an active pixel sense 



storing signals from sens 
the array; and 

an operationa 
circuit, associated with 
array, that provides an a 
based on signals sampled 



for reading out values of pixels 
r array, the circuit comprising: 



a sample-and-hold circuit for sampling and 



ors in a single column of pixels in 



1 amplifier-based charge sensing 
Dnly the single column in the 
uplified differential output signal 
by the sample-and-hold circuit. 
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7. The circuit of claim 6 further including an 
array of capacitors which Selectively can be enabled to 
choose a gain associated wJth the operational amplifier- 
based charge sensing circuit. 

8. A circuit for reading out values of pixels 
from an active pixel sensoh: array, the circuit comprising: 

a first sampli-and-hold circuit for sampling 
and storing signals from dixels in a first column; 

a second sample-and-hold circuit for sampling 
and storing signals from pixels in a second column; 

an operational amplifier-based charge sensing 
circuit, associated onvlV |/ith/€he first and second columns 
in the array, that sele^£praly provides an amplified 
differential output signak based on signals sampled either 
by the first sample-and-hpld circuit or the second sample- 
and-hold circuit; and J 

an analog-tol-digital converter, associated only 
with the first and second columns in the array, for 
converting the differential output to a corresponding 
digital signal using a successive approximation technique. 



9. The circuit of claim 8 wherein the 
operational amplifier-based charge sensing circuit includes 
a switched capacitor integrator. 
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10. The circuit of claim 8 wherein the analog- 
to-digital converter included a comparator and a first 
binary- scaled capacitor ietWc .A/wherein the capacitors in 
the first network share a^cdjmo^node coupled to a first • 
input of the comparator, and therein the amplified 
differential output signal from the charge sensing circuit 
is coupled to a second input of the comparator. 

The circuit of claim 10 wherein each of 
the e^pacitorsXin the first capacitor network has an 
10 associated latchV circuit for storing a bit corresponding to 
a differential signal for a pixel sampled by the first 
sample-and-hold cirfcuit while a differential signal for a 
pixel sampled by the\second sample-and-hold circuit is 
amplified and converted to a corresponding digital signal. 

I 

12. The circuit of claim 10 further including: 
a calibration networc for providing a signal to 
cancel an offset of the comparator. 



13 . The circuit of 
a second binary- 
20 to successively approximate and 
comparator, wherein the capacit 



scaled 



or 
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im 12 further including: 
capacitor network used 
tore the offset of the 
s in the second capacitor 



• 



network share a node irtNcommon with the capacitors in the 
first capacitor network A 

®7^jjp /\$. The circuit of claim 13 wherein the 
calibration network selectively can be enabled to provide a 
DC shift to theVcommon node to ensure that the signal for 
cancelling the comparator offset appears as a positive 
voltage , 



15. The \ircuit of claim 13 wherein one side of 
each capacitor in the Wst capacitor network selectively 

10 can be connected to a fi\st reference voltage, and wherein 
one side of each capacitorXin the second capacitor network 
selectively can be connectedXto a second reference voltage 
different from the first reference voltage. 

16. The circuit of cl^aim 13 wherein the 
15 calibration network selectively can\be enabled to provide a 

post-gain offset for the differential^ output signal from the 
charge sensing circuit. 



17. A circuit ^keir reading out values of pixels 
from an active pixel sensor Irray, the circuit comprising: 
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a sample-and-hJld circuit for sampling and 
storing signals from sensorte in a single column of pixels in 
the array; 



an operational 



amplifier-based charge sensing 
circuit, associated with oni.y the single column, that 
provides an amplified differential output signal based on 
signals sampled by the samj le-and-hold circuit; and 

an analog-to-digital converter, associated only 
with only the single column, for converting the differential 
output to a corresponding digital signal using a successive 
approximation technique 

18. A CMOS imager comprising: 

an array of active pixel sensors, wherein each 
pixel is associated with a respective column in the array; 
and 

a plurality o 
of pixels from the active 
circuit is associated with 



second columns in the arrajy, and wherein each circuit 
includes : 



a first 
sampling and storing signa 
column; 



circuits for reading out values 
sensor array, wherein each readout 
a respective pair of first and 



sample-and-hold circuit for 
Is from pixels in the first 
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a second sariple-and-hold circuit for 
rom pixels in the second 



sampling and storing signals 
column; 

an operational amplifier-based charge 
sensing circuit that selectivj 

differential output signal bajsed on signals sampled either 
by the first sample-and-hold (circuit or the second sample- 

and-hold circuit; and 

an analog-tlo-digital converter for 
converting the differential /output to a corresponding 
digital signal using a si£cb£ssive approximation technique. 
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19. The imageAof claim 18 wherein each readout 
circuit further includes ata array of capacitors which 
selectively can be enabled to choose a gain associated with 
the operational amplif ieri'-based charge sensing circuit. 
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20. The imager of claim 18 wherein each readout 

circuit further includes' 

a first array of capacitors which selectively 
can be enabled to choosi a gain associated with the 
operational amplifier-based charge sensing circuit with 
respect to signals sampled by the first sample-and-hold 
circuit; and 
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a second array of Jcapacitors which selectively 
can be enabled to choose a gai/n associated with the 
operational amplifier-based charge sensing circuit with 
respect to signals sampled byj the second sample-and-hold 
circuit . 

21. The imager if claim 18 wherein, for each 
readout circuit, a pre-gain/of f set voltage selectively can 
be added to a signal sample/d by one of the sample-and-hold 
circuits . 
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22. The imaged of^laim 18 wherein, for each 



readout circuit, the operi 
sensing circuit includes a 



23. The imaged of claim 18 wherein, for each 



readout circuit, the analo 
comparator and a first bin 
wherein the capacitors in 



;nal amplifier-based charge 
switched capacitor integrator. 



g-to-digital converter includes a 
ary-scaled capacitor network, 
the first network share a common 



node coupled to a first irjput of the comparator, and wherein 



the amplified differentia], 



output signal from the charge 



sensing circuit is coupled to a second input of the 
comparator . 



I 
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^4. The imager of claim 23 wherein, for each 
readoif£ j/ircuit , each of the capacitors in the first 
capacitor network has an associated latch circuit for 
storing a bit corresponding to a differential signal for a 
5 pixel sampled by\the first sample-and-hold circuit while a 
differential signal for a pixel sampled by the second 
sample-and-hold circuit is amplified and converted to a 
corresponding digital signal. 

25. The imager of claim 24 wherein the latch 
10 circuits in each readout circuit also can store bits 

corresponding to a differential signal for a pixel sampled 
by a respective one of the second sample-and-hold circuits, 
wherein the imager further includes a bus, and wherein the 
latch circuits in a particular readout circuit selectively 
15 can be enabled to transfer the bits to the bus. 
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The imager of claim 23 wherein each readout 
circuit further \ncludes : 

a caltorsfcion network for providing a signal to 

cancel an offset of /\h^ com P arator • 




27. The imacter of claim 26 wherein each readout 
circuit further includes 
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a second binary- scaled capacitor network used 
to successively approximate and store the offset of the 
comparator, wherein t^M^apacitors in the second capacitor 
network share a node in common with the capacitors in the 
5 first capacitor network. 
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18. The imager of claim 27 wherein, for each 
readoutx^ircuiV the calibration network selectively can be 
enabled to provMe a voltage shift to the common node to 
ensure that the sVgnal for cancelling the comparator offset 
appears as a positive voltage. 
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29. The\imager of claim 27 wherein, for each 
readout circuit, one \;ide of each capacitor in the first 
capacitor network selectively can be connected to a first 
reference voltage, and Wherein one side of each capacitor in 
the second capacitor network selectively can be connected to 
a second reference voltag^ different from the first 
reference voltage. 



30. The imager of claim 27 wherein, for each 
readout circuit, the calibration network selectively can be 
20 enabled to provide a post-gain^of f set for the differential 
output signal from the charge sensing circuit. 



31. A method of reading out values from active 
pixel sensors in an array of sensors, wherein the array 
includes rows and columns of sensors, the method comprising: 

selecting a row of sensors whose values are to 

be read out; 

sampling signal and reset levels for two 
sensors in the selected row; 

providing a differential output signal based on 
the sampled signals for a selected one of the sensors using 
an operational amplifier-based charge sensing circuit 
associated with only the two columns in which the two 
sensors are located; 

converting the differential output signal to a 
corresponding digital signal using an analog-to-digital 
converter associated with only the two columns. 

32. The method of claim 31 further including 
providing a pre-gain offset voltage to a sampled signal. 

33. The method of claim 31 further including 
selecting a gain for the differential output signal. 

34. The method of claim 31 wherein the act of 
converting includes using a successive approximation 
technique . 



35. The method of claim 31 wherein the act of 
converting includes providing a signal to cancel a 
comparator offset. 

36. The method of claim 35 wherein the act of 

5 converting further includes providing a DC voltage shift to 
ensure that the signal for cancelling the comparator offset 
appears as a positive voltage. 

37. The method of claim 31 further including 
providing a post -gain offset for the differential output 

10 signal . 
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